Due to its geographical position in the solar belt, Algeria is blessed with an abundance of solar energy and has the opportunity to utilize this bounty of natural energy effectively, promoting a clean environment and developing renewable energy technologies in the region. This paper assesses and analyses the solar energy potential in Ghardaïa area (south Algeria) to help users for solar energy applications. A database of solar radiation components has been employed for this purpose. The data presented in the paper are compared with other data supplied by renowned regional and international establishments, such as the solar atlas for the Mediterranean and the NASA. The frequency and the hourly distribution of solar radiation components indicate that the region is considered as an economical area and favorable for solar applications, such as the photovoltaic and the concentrating solar power (CSP) technologies. In addition to solar radiation, data of two functions, namely, clearness index and sunshine fraction have been examined; their results specify that the site has a clear sky conditions in most time of the year. In general, the obtained results illustrate that the site under consideration can use solar energy as a promising solution to conventional energy.
Introduction
In the recent years, Algeria has approved its determination to contribute to the world efforts to combat the global warming and protect the environment. Throughout this goal, a dynamic green energy has been initiated by launching an ambitious program of development of renewable energy and energy efficiency. This vision is based on a strategy focused on the development of inexhaustible resources, such as solar energy. The program aims to achieve a renewable power installations of about 22000 (MW) between 2011 and 2030, of which 12000 (MW) will be oriented to cover the national demand and 10000 (MW) for export. So, renewable energies are placed at the center of economic and energy policy awareness of the country. About 40% of electricity production for domestic consumption will be issued from renewable sources, by the year 2030. Indeed, our country will become an important player in the production of electricity from solar photovoltaic and solar thermal [1] . Large-scale projects to exploit renewable resources, in particular, solar energy, are already underway; we can cite as example, the photovoltaic solar power plant of Oued Nechou (20 km north of Ghardaïa) with a production capacity of 1.1 (MW) to generate solar electricity, and the thermal solar plant of Hassi R'Mel (100 km north of Ghardaïa) that uses CSP technology with a capacity of 150 (MW) which is operational since July 2011.
Nowadays, the world is interested by the renewable energies more than before to reduce the greenhouse effect, caused by the absurd exploitation of conventional sources. Thus, knowing the amount of solar radiation potential of a given site is required to convert sunlight rays into another form of energy.
Therefore, many studies were developed to evaluate the solar potential in many areas of the Middle East and North Africa (MENA) region. Alnaser et al. [2] have established a solar atlas of the Arab world; this atlas contains four kinds of information: the sunshine duration, diffuse solar radiation, the DNI solar radiation, and the global solar radiation. Shaltout et al. [4] have studied the solar radiation at Menia site (Egypt). They used measurements of one complete year from January 1 to December 31, 1997; they concluded that the highest values of global solar radiation on horizontal surface were in summer season with a mean value of 775 (W/m 2 ), while the lower ones were found in winter with an average value of 487 (W/m 2 ). Regarding the direct solar radiation, the highest values were recorded in summer with a value of 778 (W/m 2 ), where the lower one was detected in autumn season with a value of 691 (W/m 2 ). Al-Mohamad [5] has established solar radiation components in Syria using several mathematical models; these models have been tested by a statistical method and then determined the relative percentage error between calculated values and the measured ones; he suggested that the relative error reached the range of ±3% in the worst case. Evaluation of Oman solar potential was conducted by Al-Hinai and Al-Alawi [6] And Dorvlo and Ampratwum [7] ; they have built a database of typical solar radiation for six stations of different locations, for six years. Then, they have estimated for each location the hourly values of the three solar radiation components (global, direct, and diffuse) by the modeling of meteorological data, using polynomial and trigonometric models. They found that the best fit was obtained by the regression based on the ambient temperature and the atmospheric pressure.
An empirical formula for estimating hourly solar radiation over Bahrain has been developed by Al-Sadah et al. [8] ; the results obtained were compared with experimental data measured at latitude of 26 ∘ north; a good agreement between two values (estimated and measured) was found.
Evaluation of solar radiation resources in Saudi Arabia has been presented by Al-Abbadi et al. [9] . One and five minute network data are collected and assessed for quality; they were indicating that more than 80% of the network data fall within quality limits of ±5%. Bahel et al. [10] used an Eppley Pyrheliometer to measure sunshine duration for Dhahran (Saudi Arabia); they have exploited these measurements to derive a linear correlation between the monthly average global solar radiation and sunshine duration, and they noted that there is an agreement between the predicted and measured values better than 4%.
In this paper, the actual solar radiation measurements for the three solar components (global, DNI, and diffuse solar radiation) are presented. In addition, the values of clearness index and sunshine fraction have been discussed. Next, our measurements are compared with the corresponding data available in the literature of some Arab areas and with the data of the NASA SSE model and the Solar-Med-Atlas website. For this purpose, a database for one complete year was used to assess the solar potential in Ghardaïa region.
Description of Study Area
Ghardaïa site is considered an arid and dry area, located in the south of Algeria, about 600 Km south of the capital city ( Figure 1) ; it is framed by the following geographical coordinates: latitude of 32 ∘ 36 N, longitude of 3 ∘ 48 E, and altitude of 450 m above MSL. The site is characterised by an exceptional sunshine where the rate of insolation is significant; the mean annual global solar radiation measured on a horizontal plane exceeds 6000 (Wh/m 2 ), and the sunshine duration is more than 3000 (hours/year). The winter in Ghardaïa is described by an extreme cold due to windblown of snow from the highlands; sandstorms from the southwest at the end of winter are particularly troublesome, which is the result of extreme dustiness. Temperature is high in summer and can exceed 45 ∘ C and is relatively cool in winter; the jellies are exceptional and small [11] .
Measurements
The measured data on solar radiation used in the present study were collected by a radiometric station with high precision and installed on the solar radiation laboratory roof of applied research unit for renewable energies (URAER) building (Figures 2 and 3) . The station has two parts.
(i) A fixed part consists of two EKO MS-64 pyranometers for the measurement of global radiant flux on a horizontal plane (its short wave sensitivity is 7.0 (mV/kW/m 2 )) and on inclined surface at the latitude of the site.
(ii) A moving part, which is able to track the path of the sun from sunrise to sunset.
The last one is consisting with an EKO MS-101D pyrheliometer with short wave sensitivity of 6.71 (mV/kW/m 2 ), which is pointed at the sun disk for measuring the DNI 2 ) for the measurement of diffuse radiant flux on the horizontal plane is equipped with a shadow band for hiding the radiant flux coming directly from the sun. All solar components are made with an interval of five minutes for each one. More technical specifications of used solar instruments are reported in Table 1 .
Data Analysis

Annual and Monthly Accumulated Solar Radiation.
In order to get an overview of solar radiation potential in the area, Table 2 presents the monthly and the annual accumulated values of the three components, which are measured and analysed for a one complete year. It can be seen that the accumulated solar radiation is very important. A comparison of our measurements with satellite data provided by the solar atlas for the Mediterranean (Solar-MedAtlas) website [13] has been made. This website is a portal for global horizontal and DNI solar radiation data for the southern and eastern Mediterranean regions but without the diffuse solar radiation, which covers a period extending to 20 years (1991-2010) of measurements.
The comparisons between the monthly accumulated global and DNI solar radiation have been shown in Figure 4 . In general, the measurements are in agreement with the SolarMed-Atlas data for the entire year except for the months of March and August where there are differences between the two values. The relative error between the annual accumulated global solar radiations is 0.6%, where it is about 2% for the DNI solar radiation. Consequently, our measurements can be considered as representative.
Daily and Monthly Solar Radiation.
The daily maximum and average diffuse, DNI, and global solar radiation components are illustrated in Figure 5 Our experimental data of the monthly mean daily values of solar radiation components are supported with the larger time-series data of the NASA SSE model [15] , as presented in Figure 6 . Our measurements agreed with the 22-year average solar radiation data of the NASA SSE model with some discrepancy especially in summer season, mainly for the DNI solar radiation.
The monthly mean daily values of diffuse solar radiation, DNI solar radiation, and the global solar radiation of the Ghardaïa area have been supported also to some other sites from the MENA region reported by Alnaser et al. [2] , as arranged in Tables 3, 4 , and 5. It is clear that the monthly average of global and DNI solar radiation over the course of the year is comparatively higher for Ghardaïa. The monthly mean diffuse solar radiation is considered lower, compared with other Arab locations. 
Frequency Distribution of Solar Radiation.
The frequency distribution of the three solar radiation components is shown in Figure 7 . For the diffuse solar radiation, it can be reported that 23% of frequencies are between 0-100 (Wh/m 2 ), 35% receive between 100-200 (Wh/m 2 ), 23% get between 200-300 (Wh/m 2 ), while 12% of frequencies obtain between 300-400 (Wh/m 2 ), 6% get between 500-600 (Wh/m 2 ), and less than 5% of the frequencies for the rest. For the DNI component, 14.3% of the data are between 600-700 (Wh/m 2 ), 17% of frequencies obtain between 700-800 (Wh/m 2 ), and 13% are between 800-900 (Wh/m 2 ). We can note that this analysis is advantageous mostly for users who tend to do the CSP technology.
Regarding the global solar radiation received on a horizontal plane, it is found that more than 12% of the frequencies are between 500-600 (Wh/m 2 ) and between 600-700 (Wh/m 2 ), 10.5% receive between 700-800 (Wh/m 2 ), 9.98% get between 900-1000 (Wh/m 2 ), and only 3% between 1000-1100 (Wh/m 2 ). This can be important for some solar applications that use global solar radiation as an input parameter for sizing.
Frequency Distribution of Clearness Index and Sunshine
Fraction. The clearness index is the ratio of global monthly average solar radiation measured on a horizontal surface (H) to the monthly average extraterrestrial radiation ( 0 ) and can be determined from the following [16, 17] 
where is the latitude of the site and SC is the solar constant equal to 1367 (W/m 2 ).
The daily variation of the clearness index for a whole year is presented in Figure 8 Ghardaïa using the NASA SSE model as tabulated in Table 6 . There are no significant differences between the NASA data and our measurements. This analysis is confirmed by the frequency distribution graphs shown in Figure 9 , where more than 50% of the frequencies have values between 0.7-0.8 for all months, except July and October when turns around 0.6-0.7.
The sunshine fraction is the ration between effective sunshine duration (n) and maximum daylight (N); it can be described by [16, 17] = , = 2 15
Journal of Renewable Energy 9 The evolution of the effective sunshine duration, maximum daylight, and sunshine fraction distribution are shown in Figures 10 and 11 . The amount of daylight hours can be considerable; the summer season shows the peak of daylight hours with the maximum value occurring in June, while the winter season exposes lower daylight hour in December. The analysis of the sunshine fraction frequency distribution specified that 35% of frequencies receive values between 0.8-0.9, reflecting the abundance of sunshine in the area.
Hourly Distribution of Solar Radiation.
The knowledge of the hourly distribution of solar radiation is the basis of sizing and design of many solar applications; however, the performance of some solar systems is sensitive to various design variables. Therefore, it is essential to know that sites with global solar radiation of 500 (W/m 2 ) and with DNI of 700 (W/m 2 ) are considered an economical area for PV and CSP applications. Figure 12 shows the hourly distribution of the three solar radiation components; the utility of these graphs is to identify the amount of energy available every hour of the day and for each month of the year. The contours of hourly distribution are processed by the following steps. For each corresponding hour of the day and for each month, the hourly solar radiation is determined and averaged. Then, a matrix containing three kinds of information (month/hour/solar energy) is obtained; therefore, the contours of hourly solar radiation distribution are plotted.
An integrated view of these figures illustrates that there is an evident variation in the solar radiation the autumn season recorded the highest values of solar radiation for the diffuse component for example, while the months from February to May registered the significant amount of DNI solar radiation, but the greatest values were recorded in March. For the global solar radiation, the peak is observed in June with a value of 1080 (W/m 2 ) around midday.
For this objective, users are advised to set their systems optimally to improve efficiency and get better gain of solar systems.
Conclusion
The present analysis has the aim to help engineers and designers in evaluating the Ghardaïa area potential for solar energy applications. 2 ) for the global solar radiation. The NASA SSE model and the Solar-Med-Atlas support our measurements as representative ones; the analysis of the frequency distribution of clearness index indicated that the range of 0.7-0.8 is the most dominate, which also matched the NASA model and reflected the clear sky conditions in most time of the year. The hourly distribution has a particular interest to identify an economical area for solar applications, where it was seen that Ghardaïa site has this characteristic.
The results presented in the paper indicate that the solar energy in Ghardaïa is a promising solution to conventional energy and could be the starting point of a solar industry in the region.
